A novel bacterial strain Z T was isolated from the high-arsenic sediment in Jianghan Plain, China.
A novel bacterial strain Z T was isolated from the high-arsenic sediment in Jianghan Plain, China.
The strain was Gram-staining-negative, rod-shaped and formed yellow colonies. This bacterium is capable of tolerating arsenate and arsenite, with MICs of 40 mM and 20 mM, respectively. The strain also possesses catalase and does not produce oxidase. The nucleotide sequence of the 16S rRNA gene of the isolate showed the highest similarity (96.9 %) to that of the type strain of Flavobacterium soli. On the basis of the 16S rRNA gene sequence analysis and the phenotypic properties of strain Z T , it was assigned to the genus Flavobacterium. The major respiratory menaquinone was MK-6 and the predominant fatty acids were iso-C 15 : 0 , summed feature 3 (containing C 16 : 1 v6c and/or C 16 : 1 v7c) and iso-C 15 : 1 G. The major polar lipids were phosphatidylethanolamine, three uncharacterized aminophospholipids and four unidentified phospholipids. The DNA G+C content was 32.1 mol%. Based on the phenotypic and genotypic data presented in this article, it can be concluded that this isolate represents a novel species of the genus Flavobacterium, for which the name Flavobacterium arsenatis sp. nov. is proposed. The type strain is Z T (5CCTCC AB 2013048 T 5KCTC 32397 T ).
The genus Flavobacterium with the type species, Flavobcterium aquatile, was first described by Bergey et al. (1923) and significantly amended by Bernardet et al. (1996) . It is the type genus of the family Flavobacteriaceae from the phylum Bacteroidetes (Ludwig et al., 2011) . Up to the time of writing, more than 100 species of this genus have been isolated from different habitats, including soil (Bernardet et al., 1996; McCammon & Bowman, 2000; Yoon et al., 2006; Yi & Chun, 2006; Liu et al., 2008; Yang et al., 2011; Dong et al., 2013) , lake sediments (Wang et al., 2006; Joung et al., 2012) , freshwater animals (Kämpfer et al. 2012), marine environments (Fu et al., 2011; Yoon et al., 2011) and glacier . Bacterial cells from this genus are Gramstaining-negative, rod-shaped, non-motile or motile by gliding. These bacteria form yellow-or orange-pigmented colonies on plates. The major respiratory quinone is menaquinone 6 (MK-6). The DNA G+C content of members of the genus Flavobacterium ranges from 30 mol% to 52 mol%; this indicates that the genomes of the strains from this genus are diverged. The genomes of several species of the genus Flavobacterium have been sequenced and annotated. Genome sizes of the strains of soil origin were almost twice those of the strains of marine origin; this indicates that the soil strains require significantly higher metabolic flexibility than their counterparts in the marine environments (Bernardet et al., 1996; Van Trappen et al., 2003; Bernardet & Bowman, 2006 Liu et al., 2010; Fu et al., 2011) .
High-arsenic groundwater has been found in Jianghan Plain, central China in recent years (Huang et al., 2014) . However, little has been documented about the causes and mechanisms of arsenic release into groundwater in this area. It has been shown that bacteria-mediated transformation of arsenic may play essential roles in the genesis of naturally occurring high-arsenic groundwater (Fendorf et al., 2010) . Our research has focused on exploration of the structure and function of the microbial community from the high-arsenic sediments of Jianghan Plain. We collected sedimentary soils from a depth of 50 m. Approximately 1.0 g soil was suspended in 5.0 ml 0.85 % (w/v) NaCl solution. After removal of insoluble sands and large particles, supernatant containing bacteria was serially diluted and plated onto 0.16tryptic soy broth (TSB) agar plates (Difco) supplemented with 5.0 mM arsenate. Approximately 200 different bacteria were isolated from 1 g soil. Among them, strain Z T forms circular, light yellow and smooth colonies. To evaluate arsenic resistance, this bacterium was grown in the 0.16TSB medium amended with different concentrations of arsenate or arsenite, respectively. The MICs of arsenite and arsenate against the bacterium were 40 mM and 20 mM, respectively.
Bacterial genomic DNA was isolated using MiniBEST Bacterial Genomic DNA Extraction kit Ver.2.0 (TaKaRa). The nearly full-length 16S rRNA gene was amplified by PCR using the commonly used primers 27F and 1492R as described previously (Lane, 1991) . PCR products were gel purified and sequenced by GenScript (Nanjing, China). The obtained nucleotide sequences of 16S rRNA genes were BLAST searched against a prokaryotic 16S rRNA gene sequence database using the EzTaxon-e server (http:// eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . The results indicated that the nucleotide sequence of the 16S rRNA gene of the strain Z T displayed 96.9 % and 95.3 % identities to those of the species Flavobacterium soli and Flavobacterium anhuiense, respectively. Multiple sequence alignment of the 16S rRNA genes of strain Z T and its closely related species from the genus Flavobacterium was performed using the CLUSTAL W program. Phylogenetic trees were thus reconstructed using the neighbour-joining/ maximum-likelihood method (Saitou & Nei, 1987; Tamura et al., 2011) . The topologies of the phylogenetic trees were evaluated using the bootstrap resampling method with 1000 replicates. We found that the 16S rRNA gene of Z T falls within a branch closely related to F. soli ( Fig. 1 and Fig.  S1 , available in the online Supplementary Material). Therefore, it is likely that the strain Z T represents a novel species belonging to the genus Flavobacterium.
Strain Z
T forms circular, light yellow and smooth colonies on 0.16TSA (Tryptic Soy Agar, Difco) plates after incubation at 30 u C for 2 days. The morphology of the bacterial cells was observed under light and phase-contrast microscopy (BX51; Olympus). The gliding-motility assay was
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Flavobacterium soli DS-6 T (DQ178976) performed as described previously (Bernardet et al., 2002) . Cells of strain Z T were Gram-staining-negative, rod-shaped and motile by gliding. Bathochromic shift assay was employed to determine whether the flexirubin-type pigments are present in the cells or not, as described previously (Bernardet et al., 2002) . A potassium hydroxide solution, 20 % (w/v) in water, was used for the assay. We found that no flexirubin-type pigments were detectable in the cells. NaCl tolerance was determined by growing the bacteria in 0.16TSB medium (Difco) containing different concentrations of NaCl (0.05-10 %, w/v), respectively. Bacterial growth was also examined at different temperatures (4, 10, 20, 28, 30, 35, 37 , 42 u C) and different pH values (5.0-11.0, in 1.0 pH unit increments), respectively. Oxidase activity was evaluated via the oxidation of 1 % p-aminodimethylaniline oxalate. Catalase activity was determined by measuring bubble production after the addition of 3 % (v/v) hydrogen peroxide solution. The bacterium was also tested for hydrolysis of starch (1 %, w/v), cellulose (0.1 %, w/v), chitin from crab shells (1 %, w/v), casein (1 %, w/v) and tyrosine (0.5 %, w/v) as described previously (Smibert & Krieg, 1994) . Other enzyme activities and biochemical features were determined using the API kits (API20NE, API20E, API32GN and APIZYM) (bioMérieux) according to the instructions for users. Comparison of the phenotypes of strain Z T with those of closely related species showed that the novel isolate is most similar to F. soli, but readily distinguishable from this species by its abilities to hydrolyse casein, assimilate L-rhamnose, N-acetyl-glucosamine, glycogen 3-hydroxybenzoic acid, L-serine and citrate, as well to produce trypsin and a-glucosidase (Table 1) .
For analysis of fatty acid methyl esters (FAMEs), bacteria were cultured on the 0.16TSA for 2 days at 30 u C. FAMEs were then prepared and analysed using the Sherlock Microbial Identification System (MIDI). Comparisons of the fatty acid compositions of strain Z T with those of two reference strains are shown in Table 2 . We found that the major cellular fatty acids of strain Z T are iso-C 15 : 0 , summed feature 3 (containing C 16 : 1 v6c and/or C 16 : 1 v7c) and iso-C 15 : 1 G. The fatty acid compositions of Z T and closely related species under the same growth conditions were quite similar, but Z T contains summed feature 6 (C 19 : 1 v11c/ C 19 : 1 v9c), which was not detected in the cells of the reference strains.
Respiratory quinones were extracted and detected by HPLC as described previously (Komagata & Suzuki, 1987) . The detected menaquinone was MK-6. This chemotaxonomic marker is consistent with that of members of the genus Flavobacterium. To measure the bacterial DNA G+C content, genomic DNA was extracted and purified as described previously (Moore & Dowhan, 1995) . DNA G+C content was determined using HPLC (UltiMate 3000, Dionex) as described previously (Mesbah et al., 1989) . We found that the DNA G+C content of strain Z T was 32.1 mol%; this value falls within the range of DNA G+C contents (32-52 mol%) previously reported for species of the genus Flavobacterium (Van Trappen et al., 2003; Liu et al., 2010) .
The polar lipids were isolated using a standard TLC technique as described previously (Minnikin et al., 1984) . The major polar lipids of the strain Z T are phosphatidylethanolamine, three uncharacterized aminophospholipids and four unidentified phospholipids (see Fig. S2 ). The genus Flavobacterium contains 140 different known species. The polar lipid compositions of these species are largely unknown. A comparison of the polar lipids of strain Z T with those of four related species is shown in Table S1 . We found that all the tested species possessed phosphatidylethanolamine as a chemotaxonomic marker. However, other polar lipids found in the different species display substantial divergence (Chen et al., 2013; Dong et al., 2013; Glaeser et al., 2013; Kämpfer et al. 2012; Kim et al., 2013; Lee et al., 2012; Li et al., 2014; Zamora et al., 2014) .
Description of Flavobacterium arsenatis sp. nov.
Flavobacterium arsenatis (ar.se.na9tis N.L. gen. n. arsenatis, of arsenate, referring to the ability of the organism to resist to arsenate and arsenite).
Cells are Gram-staining-negative, rod-shaped, motile by gliding, aerobic, approximately 0.7-1.5 mm long and 0.3-0.6 mm in diameter. Colonies on the 0.16TSA plate are circular, convex, light yellow and smooth. The strain grows at 4-45 u C; the optimum is 30 u C. Growth occurs at pH 6.0-10.0; the optimum pH is 7.0-9.0. The strain tolerates a wide range of NaCI concentrations from 0.05-3.05 % (optimum 1 %, w/v). The strain is oxidase-negative and catalasepositive. It can hydrolyse gelatin, aesculin, urea and casein, but not starch, ONPG, PNPG, tyrosine, chitin or cellulose. The strain is negative for nitrate reduction, H 2 S production, Voges-Proskauer test, citrate utilization, indole production and arginine dihydrolase. It assimilates L-arabinose; L-proline, L-rhamnose, potassium 5-ketogluconate, glycogen, 3-hydroxybenzoic acid, L-serine, trisodium citrate and 4-hydroxybenzoic acid, but not D-mannose and maltose in the API20NE and APIID32GN systems. According to the APIZYM strip, the type strain is positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase, but negative for lipase (C14), cystine arylamidase, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase, a-fucosidase, arginine dihydrolase and tryptophan deaminase. The major cellular fatty acids are iso-C 15 : 0 , summed feature 3 (containing C 16 : 1 v6c and/or C 16 : 1 v7c) and iso-C 15 : 1 G. The major polar lipids are phosphatidylethanolamine, three uncharacterized aminophospholipids and four unknown phospholipids. The bacterial cells are resistant to both arsenate and arsenite with MICs of 40 mM and 20 mM, respectively.
The type strain, Z T (5CCTCC AB 2013047 T 5KCTC 32396 T ), was isolated from the high-arsenic sediment in . All data were obtained from this study. All strains were positive for esterase (C4), esterase lipase (C8), leucine arylamidase and phosphatases and naphthol-AS-BI-phosphohydrolase; all strains are assimilation of D-glucose, L-arabinose and L-proline. All strains were negative for nitrate reduction, Voges-Proskauer test, H 2 S and indole production, ONPG hydrolysis; they were negative for arginine dihydrolase, cystine arylamidase, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-mannosidase, a-fucosidase, lysine decarboxylase and ornithine decarboxylase; they were also negative for assimilation of Dmannitol, gluconate, adipic acid, citrate, phenylacetic acid, inositol, itaconic acid, suberic acid, malonate, lactic acid, L-alanine, D-mannitol, salicin, D-sorbitol, propionic acid, capric acid, valeric acid, 2-ketogluconate and 3-hydroxybutyric acid. +, Positive; 2, negative; W, weakly positive. 
